Garlatti et al.
Garlatti et al. 1 report theoretical simulations aimed at showing that the best molecular nanomagnets (MNMs) for magnetic refrigeration between T ≃ 10 K and sub-Kelvin region are those made of strongly ferromagnetically-coupled magnetic ions. This Comment revises such conclusion based on results that, apparently, contrast with the established belief in this research field.
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By adiabatically demagnetizing a system of ideally non-interacting MNMs, the base temperature to be reached is T base = T hot /B hot · B cold , where T hot and B hot are the initial temperature and applied field, respectively, and B cold denotes the applied field at the end of the cooling procedure.
3 By letting B cold → 0, the system becomes sensitive to any perturbation and the previous expression should be replaced by T base = T hot /B hot · B 2 cold + b 2 , where b is the internal field that, in the simplest approximation, is determined by the dipole-dipole interaction only. Therefore for a system of dipolar MNMs, T base cannot be any smaller than the corresponding critical temperature, i.e.,
where r is the distance between the MNMs with molecular spin S and gyromagnetic ratio g. Thus, the simplest approach in designing a MNM for attaining the lowest temperature should include no magnetic interactions at all. In relation to this, intramolecular ferromagnetic couplings, which promote a larger S, ultimately drive to a worse T base . Since T C is typically of the order of 0.5 K,
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MNMs are not suited in principle for the sub-Kelvin region. 2 The almost totality of MNMs proposed as magnetic refrigerants are excellent candidates limitedly to temperatures between ∼ 1 K and ∼ 10 K, for which their magnetocaloric effect per unit mass can be larger than that of conventional magnetic refrigerants, indeed.
Let us consider the square-based pyramid with five s = 3/2 spins interconnected by J 1 and J 2 exchanges, as in Ref. [1] . Figure 1 reproduces the same calculations which were reported in Figure 4 of Ref. [1] , though we replace the idealized b = 0 by a nonzero value for the aforementioned reason. For the sake of simplicity, we assume the same b = 0.02 T for the three cases, resp.: (i)
This value is comparable to that a) http://molchip.unizar.es/ encountered in dipolar MNMs and, though small, it becomes relevant when B cold = 0. 4 Mimicking a real system and contrary to Ref. [1] , b causes the zero-applied-field entropy S 0 (T ) to fall to zero for T → 0 and inhibits T to span down to T cold = 1 mK also for (i) and (iii), assuming the same T hot = 10 K and ∆B = B hot − B cold = (7 − 0) T that were considered in Ref. [1] . Next, using the data in Fig. 1 , we straightforwardly obtain the magnetic entropy changes ∆S m (T ) for ∆B that we depict in Figure 2 . What can clearly be seen is a significantly larger −∆S m (T ) for 0.5 K T 10 K in (ii), i.e., the one characterized by the weakest J 1 and J 2 . Since the spin centers in (ii) are almost decoupled already at such low temper- atures, −∆S m (T ≃ 2.2 K) approaches closely the full entropy content, i.e., 5R ln(2s + 1) ≃ 6.9R. Case (i), and especially (iii), show larger −∆S m (T ) than (ii) for high temperatures (not shown in Fig. 2 ), that is, where the exchange energies are of the same order as k B T . Competing interactions in (i) promote the relatively larger number of low-lying spin states that result in the larger values at the lowest T . The more efficient a magnetic refrigerant, the larger is the heat, Q, that the refrigerant can absorb, i.e., its cooling power. Since for an infinitesimal change ∂Q = T ∂S m , the cooling power for a refrigeration cycle between T cold and T hot depends proportionally on the change of magnetic entropy per unit mass and the temperature span of the refrigeration. A common strategy to engineer an adiabatic demagnetization refrigerator for very low temperatures is by combining multiple cooling stages. 3 Liquid 4 He or a 4K-cryocooler is employed for (pre)cooling down to ∼ 4.2 K. From there, T is lowered down to 1 − 1.5 K either by pumping on 4 He or by exploiting the functionality of a magnetic refrigerant. Within the sub-Kelvin region, refrigerating magnetically with diluted spins, such as in paramagnetic salts, permits attaining milliKelvin temperatures. Starting from such low T , magnetic refrigeration using nuclear magnetic moments can be applied for getting even closer to absolute zero. The gist is that, below liquid-4 He temperature, every cooling stage operates within a relatively narrow T span, that is, T cold and T hot are well within the same order of magnitude. This means that, compatibly with the target temperature, the largest cooling power is obtained by designing the refrigerant material as such to maximize −∆S m by, e.g., playing with the magnetic interactions. Besides, −∆S m is preferably large also because it determines the time that the refrigerator will operate between cycles.
The aforementioned (ii) is ideally suited for the T range spanning from ∼ 1 K to ∼ 4.2 K, which is where a prominent maximum of −∆S m (T ) takes place (Fig. 2) . Let us suppose that the refrigerator is operating on a magnetic regenerative cycle, e.g., a Carnot cycle, as considered in Ref. [1] . We narrow the temperature span down to T cold = 1 K and T hot = 4.2 K, rather than using the unrealistic 1 mK < T < 10 K. By so doing, case (ii) provides a significantly larger area of the cycle (Fig. 1) , hence a more important change of entropy. Cases (i) and (iii) ideally permit reaching lower base temperatures, as it chiefly results from the shape of S B (T ). In fact, the advantage in having strong exchange interactions involved, is that B hot = 7 T is not sufficient for fully decoupling all spins. However, this is very unlikely to occur in real systems because S 0 (T ) should fall abruptly to zero below T C , which thus sets the base temperature to much higher values. 4 In principle, spin dilution can be efficiently employed for suppressing intermolecular magnetic interactions, thus allowing T lower than 0.1 K to be reached with MNMs.
2 Unfortunately, the inherent downside is a dramatic reduction of −∆S m per unit mass, rendering useless this refrigerant for any purposes at higher temperatures. All this means that the ferromagnetic case (iii), in Ref. [1] , could serve either for a not-optimized refrigeration at intermediate temperatures, or exclusively for sub-Kelvin temperatures, albeit after spin dilution.
In conclusion, we welcome the results reported in Ref. [1] , although we disagree on their interpretation. We emphasize that, in order to rank a magnetic refrigerant as the best one, we should first define common experimental conditions among all contenders. A hypothetical realization of an adiabatic demagnetization refrigerator operating at liquid-4 He temperatures includes: case (ii), which is the only example presented, worth of consideration for an application in the intermediate temperature range (∼ 1 − 4.2 K), eventually combined with a dilution of (i) or (iii) for lower T . We believe that the field of sub-Kelvin magnetic refrigeration with MNMs is still largely unexplored, both theoretically as well as experimentally. For a successful recipe at such low temperatures, the intermolecular interaction and magnetic anisotropy should also be taken into account.
